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Please delete the line 1 on page 84 and replace it with the 
following : 



_ _ is* V*„V- -~ 




References for Example 1 



Please delete the paragraphs beginning on page 77, line 26 and 
ending on page 82, line 23. 

In the Abstract: 



Please replace the Abstract of the Disclosure with the corrected 
Abstract annexed hereto as Exhibit B. 



REMARKS 



Claims 1-8 are pending in the subject application 



Formalities 



Abstract 

The Examiner stated that the abstract of the disclosure is objected 
to because legal phraseology is contained therein and that 
correction is required. Applicants submit herewith a new Abstract 
of the Disclosure as Exhibit B in compliance with the requirements 
of 37 C.F.R. §1. 72(b). Applicants contend that this amendment 
obviates the Examiner's above objection. Accordingly, applicants 
respectfully request that the Examiner reconsider and withdraw this 
ground of objection. 

Disclosure 



The Examiner stated that the disclosure is objected to because of 
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the following alleged informalities: 

The Examiner alleged that the specification cites multiple 
references to RAGE transgenic mice. The Examiner stated that 
appropriate correction is required. 

In response, applicants have hereinabove amended the specification 
to correct the obvious errors at page 4, lines 21 and 25; page 6, 
lines 28 and 29; page 7 , lines 1, 9 and 10; page 14 line 14; page 
32, line 29; page33, line 1; page 39, lines 15 and 16; page 46, 
line 8; and page 47, line 12. The specification now recites "ABAD" 
rather than "RAGE". In support of such an amendment to the 
specification, applicants respectfully direct the Examiner to the 
Summary of the Invention. 

The Examiner stated that there is no period at the end of the 
sentence on page 31, line 17. 

In response, applicants have hereinabove amended the specification 
at page 31, line 17, to include a period at the end of the 
sentence . 

The Examiner cited the presence of reference numbers in the text 
that do not correspond to the references listed. The Examiner also 
noted that the specification has two lists of references (pages 72- 
77 and pages 84-89) and states that there should only be one list 
at the end of the specification. 

In response, applicants have amended the specification hereinabove 
to more clearly point out that the references recited on page 72-77 
of the specification are related to Example 4 of the Detailed 
Description and that the references recited on pages 84-89 of the 
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specification are related to Example 1 of the Detailed Description. 
Page 72, line 31 now recites "References for Example 4" and page 
84, line 1 now recites "References for Example 1". Applicants 
maintain that such an amendment to the specification does not 
introduce any new matter. In response to the Examiner's assertion 
that there should only be one list of references at the end of the 
specification, applicants respectfully submit that 37 C.F.R. §1.77, 
concerning arrangement of application elements, does not specify 
that references must appear in one list at the end of the 
specification. In view of the above amendments and lack of 
requirement to list references at the end of the specification, 
applicants respectfully request that the Examiner reconsider and 
withdraw these grounds of objection. 

The Examiner stated that the specification contains two sets of 
figure legends, of which only the first corresponds to the figures 
(pages 4-7 and pages 77-82). In response, applicants have amended 
the specification hereinabove to delete both the set of figure 
legends found on pages 77-82 and references to said figure legends 
in the text of the specification (pages 61-71) . 

Applicants have amended the specification to correct certain 
typographical and clerical errors and contend that the amended 
specification obviates the Examiner's above objections. Applicants 
respectfully request that the Examiner reconsider and withdraw 
these grounds of objection. 

Incorporation by Reference 

The Examiner alleged that applicants' attempt to incorporate 
subject matter into the subject application by reference to APP 
transgenic mice produced by Dr. Lennart Mucke is improper because 
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there is no "Mucke" listed as reference 14. 

In response, applicants have amended the specification at page 32, 
line 33 to recite "Dr. Hsia 14 " rather than "Dr. Lennart Mucke 14 ". In 
support of such an amendment to the specification, applicants 
respectfully direct the Examiner to References for Example 1, 
specifically reference number 14 at page 86, lines 1-5 where Dr. 
Tsia (line 1) and Dr. Mucke (line 2) are both listed in reference 
number 14. Applicants contend that the recitation in the 
specification of "Dr. Lennart Mucke 14 " at page 32, line 33 rather 
than "Dr. Hsia 14 " was an obvious error, and this amendment does not 
introduce any new matter. 

In addition, the Examiner alleged that applicants' attempt to 
incorporate by reference subject matter, i.e., APP transgenic mice 
produced by Dr. Lennart Mucke, is improper. That is, if the 
reference is to a publication, incorporation by reference would be 
improper since incorporation by reference can only be made to a 
published U.S. Patent or an allowed U.S. Patent application. The 
Examiner further stated that the mice referred to as having been 
produced by Dr. Mucke are considered essential to the invention. 

Without addressing the correctness of the Examiner' s position that 
the mice referred to as having been produced by Dr. Mucke are 
essential to the invention, applicants disagree with the Examiner' s 
statement that, in general, only material from a published U.S. 
Patent or an allowed U.S. Patent application can be properly 
incorporated by reference. In addition, applicants note that the 
Examiner's comment was not made in connection with a rejection of a 
specific claim under a specific section of the patent statute. For 
this reason, applicants are not able to properly address the 
Examiner's assertion that the above-identified subject matter is 
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"critical" to this "invention", and that improper incorporation by 
reference has therefore occurred. 

Rejection under 35 U.S.C. §112 , First Paragraph 

The Examiner rejected claims 1-8 under 35 U.S.C. §112, first 
paragraph, as containing subject matter which was not described in 
the specification in such a way as to enable one skilled in the art 
to which it pertains, or with which it is most nearly connected, to 
make and/or use the invention. 

In response, applicants respectfully traverse the Examiner's above 
rejection. Applicants contend that the subject application complies 
with 35 U.S.C. §112, first paragraph. Pages 22-26 of the 
specification teach several methods for making a transgenic non- 
human animal. The specification also describes in detail the 
process by which transgenic ABAD mice were produced (pages 30 and 
31). Finally the specification characterizes the phenotype observed 
in mice transgenic for both ABAD and hAPP. Hsia et al . , attached 
hereto as Exhibit C, discloses a detailed description of the method 
by which mice transgenic for hAPP were made (PNAS, 1999, volume 96, 
pages 3228-3233; see in particular page 3228, second column, second 
paragraph and page 3232, first column, first full paragraph). In 
addition, a clear description of the particular transgene, that is 
DNA sequence, DNA construct, or promoter, used to make these mice, 
or that could be used in the production of other ABAD/hAPP 
transgenic mice was available in the art in the teachings of 
Rockenstein et al. (Journal of Biological Chemistry, 1995, volume 
270, pages 28257-28267; see in particular figure 1 and page 28259, 
first column, first full paragraph) attached hereto as Exhibit D. 
Consequently, one skilled in the art, by using the combination of 
that which was known in the art and that which is taught in the 
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specification, would have been able to make and/or use the subject 
invention at the time the subject application was filed. 

Regarding the Examiner's assertion of the unpredictability of 
reproducing ABAD/hAPP transgenic mice with the claimed phenotype, 
applicants maintain that one skilled in the art would not have 
required undue experimentation to make and use the subject 
invention. Applicants would like to direct the Examiner to the 
teachings Moechars et al., {Journal of Biological Chemistry, 1999, 
volume 274, pages 6483-6492; see in particular page 6490, second 
column, lines 8-12; page 6491, first column, second full paragraph, 
lines 7-25; and page 6491, second column, first full paragraph, 
lines 11-13) attached hereto as Exhibit E. In brief, Moechars et 
al. note that (1) the behavioral and cognitive defects that have 
been observed and extensively documented are shared by different 
APP transgenic mouse lines, (2) there are common and consistent 
early defects in all APP transgenic mouse lines presented by them 
and reported by others, and (3) their study demonstrates that with 
the exception of amyloid plaques, the qualitative differences 
between transgenic lines were minimal. 

Applicants contend that the Examiner has not established that undue 
experimentation would be required, and respectfully request that 
the Examiner reconsider and withdraw these grounds of rejection. 

Rejection under 35 U.S.C. §112, Second Paragraph : 

The Examiner rejected claims 1-8 under 35 U.S.C. §112, second 
paragraph, as allegedly indefinite for failing to particularly 
point out and distinctly claim the subject matter which applicants 
regard as the invention. In particular, the Examiner stated that 
claims 1 and 5 state in part (b) that the mouse contains "... a DNA 
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sequence encoding a mutant human amyloid precursor protein hAPP695, 
hAPP751 and hAPP770 . .." and alleged that it is not clear if 
applicants mean the DNA sequence gives rise to all three splice 
variants in the doubly transgenic mice. 

In response, applicants respectfully traverse the Examiner's 
rejection. Applicants direct the Examiner to page 32, lines 30 and 
31 of the specification, which discloses, that the hAPP transgenic 
mice overexpress an alternatively spliced hAPP minigene that 
encodes hAPP695, hAPP751, and hAPP770 bearing mutations linked to 
familial AD (V717F, K670M/N671L) . Therefore, applicants contend 
that it is clear that all three splice variants are expressed, and 
respectfully request that the Examiner withdraw these grounds of 
re j ection . 

The Examiner also rejected claims 1-8 under 35 U.S.C. §112, second 
paragraph, as allegedly indefinite for failing to particularly 
point out and distinctly claim the subject matter which applicants 
regard as the invention. In particular, the Examiner stated that 
claims 1 and 5 state that ABAD is amyloid-beta peptide alcohol 
dehydrogenase and that the art defines ABAD as amyloid-beta peptide 
binding alcohol dehydrogenase and as amyloid beta binding alcohol 
dehydraogenase . The Examiner requested clarification as to whether 
these are the same dehydrogenases because the names and functions 
appear to be similar. 

In response, applicants respectfully traverse the Examiner's 
rejection. Applicants are not aware that a term set forth in a 
claim must be identical to all others in the art used to describe 
the same entity, as long as the claims set forth the meets and 
bounds of the invention. Applicants contend that one skilled in the 
art would know the meets and bounds of the invention based on the 
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claims. As such, applicants respectfully request that the Examiner 
withdraw these grounds of rejection. 

Summary 

For the reasons set forth hereinabove, applicants respectfully 
request that the Examiner reconsider and withdraw the various 
grounds of objection and rejection and earnestly solicit allowance 
of the pending claims . 

If a telephone interview would be of assistance in advancing 
prosecution of the subject application, applicants' undersigned 
attorneys invite the Examiner to telephone them at the number 
provided below. 

No fee, other than the enclosed $465.00 fee for a three-month 
extension of time, is deemed necessary in connection with the 
filing of this Amendment. However, if any additional fee is 
required, authorization is hereby given to charge the amount of any 
such fee to Deposit Account No. 03-3125. 



Respectfully submitted , 



I hereby certify that this 
correspondence is being deposited 
this date with the U.S. postal 
Service with sufficient postage as 
first class mail in an envelope 
addressed 

Assistant Commissioner of Patents 
Washington, DC 20231 
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Alan J . Morrison 
Reg. No. 37,399 



>ate 




John P. White 
Registration No. 28,678 
Alan J. Morrison 
Registration No. 37,399 
Attorneys for Applicants 
Cooper & Dunham LLP 
1185 Avenue of the Americas 
New York, New York 10036 
(212) 278-0400 



EXHIBIT A - MARKED -UP VERSION OF THE SPECIFICATION 



Paragraphs on page 4 beginning at line 14 and ending on line 
28 : 



Figures 4A, 4B, 4C and 4D . ABAD expression in Tg PD-ABAD 
mice (+) compared with nontransgenic littermate controls (- 
) . Figure 4A (Northern) and Figure 4B (Western) analysis of 
homogenates of cerebral cortex. Equal amounts of RNA (note 
approximately equal intensity of 28S ribosomal RNA band on 
the ethidium bromide stained gel) and protein were loaded in 
each lane. Figures 4C-4D show immunohis tochemical 
identification of [RAGE] ABAD in cerebral cortex from a Tg 
PD- [RAGE ] ABAD mouse (Figure 4C) and a nontransgenic 
littermate control (Figure 4D) . 

Figure 5. [RAGE] ABAD expression in brain subregions of Tg 
PD-ABAD mice compared with nontransgenic littermate controls 
(nonTg) . Immunoblott ing was performed protein extracts of 
brain homogenates derived from the indicated brain 
subregion . 

Paragraph beginning on page 5, line 25 and ending on page 6, 
line 6 : 



Figures 7A-7D. Induction of stroke in Tg PD-ABAD mice. 

Figures 7A-7B. Tg PD-ABAD mice and nonTg littermates were 
subjected to middle cerebral artery occlusion and were 
evaluated 24 hrs after the ischemic insult to determine 
neurologic deficit score (Figure 7B) , and, following 
sacrifice, infarct volume (Figure 7A) . Figures 7C-7D. At 
the same time point, cerebral cortex was harvested to 
determine ATP, lactate and fi-hydroxybutyrate (BHB) levels 
determined on extracts of whole brains (from animals 



subjected to the stroke procedure 24 hrs previously) from Tg 
PD-ABAD or nonTg control mice (N=5, in each case) . Data is 
reported as the mean ± SD (P<0.04 for ATP and P<0.03 for 
lactate) . Transient middle cerebral artery occlusion model 
of stroke in mice: comparison of infarct volume in Tg PD- 
[RAGE] ABAD and nontransgenic littermate controls (nonTg) . 
*P<0 . 05 . 

Paragraphs beginning on page 6, line 27 and ending on page 
7, line 11: 

Figures 11A-11B. Semiquantitative analysis of synaptophysin 
immunoreact ivity in hippocampus of Tg PD- [ RAGE ] ABAD /hAPP , 
Tg PD- [RAGE ] ABAD , Tg hAPP, and nontransgenic littermate 
control mice at 4 months of age. 

Figures 12A1, 12A2 , 12A3, 12A4 , and 12B. Increased 
expression of activated caspase-3 in cerebral cortex from Tg 
PD- [RAGE ] ABAD /hAPP mice. Figures 12A1-12A4, immunostaining 
for activated caspase-3. Figure 12B, quantitation of 

immunocytochemical results from multiple fields of all mice 
in each of the experimental groups. Scale bar, 10 /urn. 

Figures 13A-13B. Northern analysis (Figure 13A) and 

immunoblotting (Figure 13B) of E16 cortical neuron cultures 
with 32 P-labelled human ABAD cDNA (Figure 13A) or anti-human 
[RAGE] ABAD IgG (Figure 13B) . (+) indicates neurons obtained 
from Tg PD-[RAGE] ABAD mice and (-) indicates neurons are 
from nontransgenic littermate controls. 

Paragraph beginning on page 14, line 7: 

The transgenic non-human mammals of the present invention 
will provide insights with respect to how and where protein 
interactions occur in Alzheimer's Disease and thus provide 
more useful models for testing the efficacy of certain drugs 



in preventing or reducing the onset or progression of this 
disease. The transgenic non-human mammals of the present 
invention include recombinant genetic material comprised of 
a nucleic acid sequence encoding [RAGE] ABAD fused to 
specific promoters capable of expressing the protein in 
specific tissues such as nerve tissues generally and/or 
specific types of nerve tissue, e.g., the brain. 

Paragraph beginning on page 32, line 9: 

Western blotting was performed on protein extracts of brain 
subregions. Proteins were extracted from minced pieces of 
brains by exposing the tissue to lysis buffer (Tris/HCl, 20 
mM; pH 7.4; Triton X-100, 1%; phenylmethylsulf onylf luoride , 
2 mM; EDTA, 1 mM, aprotonin, 10 /ug/ml; leupeptin, 10 ^g/ml) 
using a ratio of 1 ml of buffer per 0.5 gm of tissue. 
Extracts were then boiled in reducing SDS-sample buffer, and 
applied to SDS-PAGE (12%) according to Laemmli 11 . Antibody to 

2 

recombinant human ABAD was employed as described ^ 

Paragraph beginning on page 32, line 2 9 and ending on page 
33, line 10: 



Cross-breeding of Tq PD- [RAGE ] ABAD mice with Tg hAPP mice . 
Tg mice overexpressing an alternatively spliced hAPP 
minigene that encodes hAPP695, hAPP751, and hAPP770 bearing 
mutations linked to familial AD (V717F, K670M/N671L) have 
been produced by Dr. [Lennart Mucke] Hsia 14 , and provided to 
us for use in cross-breeding studies with Tg PD- [RAGE] ABAD 
mice. In these mice, expression of the transgene is also 
driven by the PDGF B-chain promoter. Cross-breeding was 
performed and double-t ransgenic mice expressing both hAPP 
and PD-ABAD transgenes were identified with specific 
primers. The primers for the hAPP transgene were: 5'- 
GACAAGTATCTCGAGACACCTGGGGATGAG-3' (SEQ ID NO: 6) and 3'- 
AAAGAACTTGTAGGTTGGATTTTCGTACC- 5* (SEQ ID NO: 7) . PCR 

conditions for the amplifying the hAPP transgene were the 



same as those described above, and the size of the amplicon 
was 1169 bp. 

Paragraph beginning on page 39, line 15 and ending on page 
40, line 2: 

Induction of stroke in Tg PD- [ RAGE ] ABAD mice . Functional 
consequences of overexpression of [RAGE] ABAD were first 
assessed in response to ischemic stress, the transient 
middle cerebral artery occlusion model. Murine stroke model 
Mice (C57BL6/J, male) were subjected to stroke according to 
previously published procedures 32 . Following anesthesia, the 
carotid artery was accessed using the operative approach 
previously described in detail 33 , including 

division/coagulation of the occipital and pterygopalatine 
arteries to obtain improved visualization and vascular 
access. A nylon suture was then introduced into the common 
carotid artery, and threaded up the internal carotid artery 
to occlude the origin of the right middle cerebral artery 
(MCA) . Nylon (polyamide) suture material was obtained from 
United States Surgical Corporation (Norwalk, CT) , and 
consisted of 5.0 nylon/13 mm length for 27-36 g mice, and 
6.0 nylon/12 mm length for 22-26 g mice. After 45 minutes of 
occlusion, the suture was withdrawn to achieve a reperfused 
model of stroke. Although no vessels were tied off after the 
suture was removed, the external carotid arterial stump was 
cauterized to prevent frank hemorrhage. 

Paragraph beginning on page 46, line 4: 

Characterization of neurons isolated from Tg PD-ABAD mice . 
Neuronal cultures were made from the cerebral cortex from 
E16 mouse embryos. These cultures were >90% neurons based 
on staining with anti-neurof ilament antibody (not shown) . 
Cultured neurons displayed high levels of [RAGE] ABAD 



expression based on Northern analysis and immunoblotting 
(Fig. 13) . 

Paragraph beginning on page 47, line 10: 

In each case, the in vitro and in vivo systems based on Tg 
PD-ABAD mice or cells derived from them are ideal for 
studying [RAGE] ABAD inhibitors, as well as for dissecting 
contributions of ABAD to phys iologic/pathophysiologic 
outcomes . 

Paragraphs beginning on page 61, line 20 and ending on page 
69, line 4: 

— ABAD metabolism of fl-hydroxybutyrate . The broad enzymatic 
properties of ABAD as an oxidoreductase suggested that it 
might facilitate cellular utilization of ketone bodies, such 
as D-B-hydroxybutyrate, a major energetic substrate during 
nutritional deprivation in vivo. First, we tested 
DL-B-hydroxybutyryl-CoA, a known substrate of bovine 
liver-derived hydroxyacyl-CoA type II (HADH II) /ABAD (17), 
with our purified E . Coli-derived human recombinant ABAD; 
the reaction fit Michaelis-Menton kinetics with K m was __134 
_M and V max _26.3 _mol/min/mg [(Fig. 1A) ] . The latter result, 
obtained with a racemic DL mixture of B-hydroxybutyryl CoA, 
was similar to that observed previously with the bovine 
liver HADH II (17) . Using the same preparation of 
recombinant ABAD, we then studied D-B-hydroxybutyrate; the 
reaction also fit best to Michaelis-Menton kinetics with K m 
was __3.7 mM, and V max was _4 nmol/min/mg [(Fig. IB)]. With 
the L-form of B-hydroxybutyrate , K m was _1 . 6 mM, and V max _3 . 5 
nmol/min/mg [(Fig. 1C) ] . In a purified system, ABAD is 
clearly more effective with B-hydroxybutyryl-CoA as a 
substrate (presumably this is the L-form, which is an 
intermediate in the fatty acid B-oxidation pathway in 
mitochondria) . However, depending on physiological 
conditions, certain substrates may turn out to be more 
abundant, such as D-B-hydroxybutyrate during periods of 
starvation when levels of ketone bodies are elevated and, 



thus, could become relevant. In fact, plasma levels of 
fi-hydroxybutyrate are reported to reach the millimolar range 
in animals and humans subject to nutritional deprivation 
(21-23) . Furthermore, Jb-hydroxybutyryl CoA generated by acyl 
CoA dehydrogenase is another likely substrate of ABAD in a 
cellular milieu rich in ft-hydroxybutyrate . Thus, ABAD would 
appear to have the potential to be pivotal for enhancing 
metabolism of ft-hydroxybutyrate . 

Characterization of COS cells s tably-t rans f ected to 
overexpress ABAD . COS cells provided a useful model to test 
our concept that ABAD modulated the cellular response to 
nutritional stress because of their low endogenous 
expression of ABAD; low levels of mRNA were present [{Fig. 
2A, lane 4)] and no antigen was detectable [(Fig. 2B, lane 
7)] in lysates of wild-type COS cells. Following stable 
transfection with either pcDNA3 alone (vector) , 
pcDNA3 /wtABAD (encoding wild-type ABAD) or pcDNA3/mutABAD 
(encoding a mutant form of ABAD devoid of enzymatic 
activity; 14), cells were plated at limiting dilution and 
clones were prepared. Three types of clones were 
established, those expressing vector alone (COS/vector) , 
wild-type ABAD (COS/wtABAD) and mutant ABAD (COS/mutABAD) . 
Studies were performed with three representative clones of 
each type of stably-trans f ected COS cell. Whereas COS/vector 
cells displayed low levels of ABAD transcripts [(Fig. 2A, 
lanes 3)] and antigen [(Fig. 2B, lanes 6)], comparable to 
control COS cells, COS/wtABAD cells showed high levels of 
ABAD mRNA [(Fig. 2A, lanes 2)] and antigen [(Fig. 2B, lanes 
3-5)]. Subcellular fractionation studies on COS/wtABAD 
cells [(Fig. 2C, line a)] demonstrated the presence of ABAD 
both in fractions 1-2 enriched for the endoplasmic reticulum 
marker GRP78 [(Fig. 2C, line c) ] and in the mitochondrial 
pellet (fraction 6) containing cytochrome c [(Fig. 2C, line 
e) ] . Similar experiments performed with COS/mutABAD stable 
transf ectants [(Fig. 2C, line b) ] displayed high levels of 
ABAD transcripts [(Fig. 2A, lane 1)] and antigen [(Fig. 2B, 
lanes 1-2)] in a distribution analogous to that seen in 
COS/wtABAD cells. These data indicated that in COS/ABAD 
stable transf ectants , the enzyme is present at the same 
sites previously observed in cells endogenously expressing 



ABAD or those transiently transfected to overexpress ABAD 
(13, 14, 16, 19) . 



ABAD and the response of COS cells to nutritional stress . 
In view of ABAD metabolism of D-ft-hydroxybutyrate , we tested 
whether ABAD-transf ected COS cells displayed enhanced 
ability to sustain nutritional stress in an environment 
where ketone bodies provided the principal energetic source. 
When COS/vector cells were placed in medium devoid of 
glucose and supplemented only with dialyzed serum and 
ft-hydroxybutyrate , cellular functions became compromised. 
In the presence of D-ft-hydroxybutyrate (10 mM) , reduction of 
MTT was suppressed by days 4-5 [ (Fig. 3A) ] and cellular 
energy charge decreased in parallel [(Fig. 3C) ] . Phase 
contrast microscopy showed COS/vector cells, initially with 
a spread morphology on the growth substrate, to become 
rounded up and toxic in appearance after four days under 
these conditions [(Fig. 3DI-II)]. Similar results were 
obtained when COS/vector cells were replaced with wild-type 
COS cells, and the same studies described above were 
performed (not shown). In contrast, COS/wtABAD cells better 
maintained MTT reduction [(Fig. 3A) ] and cellular energy 
charge [(Fig. 3C) ] in the presence of ft-hydroxybutyrate . 
These changes in cellular properties were parallelled by 
maintenance of the morphologic phenotype of COS/wtABAD 
cells, compared with COS/vector trans fectants [(Fig. 
3DIII-IV) ] in the presence of ft-hydroxybutyrate . The effect 
of ft-hydroxybutyrate to maintain cellular functions in 
COS/wtABAD cells was dose-dependent, as shown using the MTT 
reduction assay, and reached a plateau by 10 mM [(Fig. 3B) ] . 
Furthermore, experiments with lower concentrations of 
B-hydroxybuyrate (_2-5 mM) displayed less effective 
maintenance of cellular properties with COS/wtABAD cells 
(not shown) . The requirement for enzymatically intact ABAD 
(wtABAD) for enhanced survival of COS/wtABAD cells in the 
presence of ft-hydroxybutyrate was shown by experiments 
performed with COS/mutABAD cells. Though the crippled enzyme 
(mutABAD) was expressed at similar levels and with a similar 
subcellular distribution as the wild-type enzyme (the latter 
in COS/wtABAD cells), COS/mutABAD cells responded to glucose 
replacement with ft-hydroxybutyrate as did COS/vector cells; 



there was a steady decline in MTT reduction and cellular 
energy charge [{Fig. 3A,C)]. 

NMR studies were performed on cells incubated with 
[ 13 C] -D-fi-hydroxybutyrate (labelled in the C-2 and C-4 
positions) to determine the effect of ABAD on the metabolism 
of the COS/wtABAD transf ectants in medium devoid of glucose. 
[ 13 C] -labelled ft-hydroxybutyrate enters the TCA cycle as 
[ 13 C-2 ] -labelled acetyl-CoA and is metabolized to 
a-ketoglutarate . Thus, C-4 gets labelled in the first turn 
of the TCA cycle, and, subsequent, labelling occurs in the 
C-3 and C-2 positions. As a-ketoglutarate is in rapid 
equilibrium with glutamate, the labelling of [ 13 C] -glutamate 
in the C-4, 3 and 2 positions was observed [{Fig. 4A) ] . 
Since the flux of [ 13 C ] labelled acetyl-CoA via the TCA cycle 
is orientation conserved, the labelling of [ 13 C] -glutamate is 
greater in the C-4, compared with the C-3 and C-2, 
positions. Thus, labelling was evaluated in the C-4 position 
of glutamate in COS/wtABAD versus COS /vector in cell lysates 
and supernatants. In culture supernatants , NMR data 
demonstrated greater labelling of the C-4 resonances in 
glutamate in COS/wtABAD cells, _2-fold, compared with 
COS/vector cells ([Fig. 4B; ] p<0.03 at days 4, 6 and 8). 
Glutamine was not detected in supernatants from COS/wtABAD 
or COS/vector cells. The 1 H NMR analysis of these 

supernatants revealed that the fractional enrichment at 
glutamate C-4 was 58+3% in COS/wtABAD trans f ectants compared 
with 41±2% in COS/vector cells. These data are indicative of 
increased metabolism of exogenous [ 13 C] -labelled 

ft-hydroxybutyrate in COS cells overexpres sing ABAD. In 
contrast, there were no observed differences between 
fractional enrichment at glutamate C-4 in cell lysates 
between COS/wtABAD and COS/vector cells, probably because 
glutamate is rapidly extruded into the medium (glutamine and 
glutamate levels in cell lysates were the same, comparing 
COS/wtABAD and COS/vector cells) . The 13 C and X H NMR data 
demonstrate increased exogenous fr-hydroxybutyrate 

utilization in the COS cells overexpressing wtABAD. 

Upregulation of ABAD in response to cerebral ischemia . A 
severe form of metabolic stress is imposed by cerebral 



ischemia- Wild-type C57BL6 mice subjected to transient 
middle cerebral artery occlusion displayed increased levels 
of ABAD in neurons near the infarcted area [(Fig. 5A) ] , 
especially those in the penumbra [(Fig. 5A, inset)], 
compared with the nonischemic hemisphere [(Fig. 5B) ] , using 
polyclonal antibody to recombinant mouse ABAD. Image 
analysis of multiple fields from sections similar to those 
shown in panels A-B demonstrated an __5-fold increase of ABAD 
antigen in cortical neurons consequent to stroke [(Fig. 
5C) ] . 

Characterization of Tg PD-ABAD mice . These data with 
wild-type mice subjected to cerebral ischemia suggested that 
upregulation of ABAD might be a component of the response to 
ischemic stress, and led us to make transgenic mice in which 
ABAD was overexpressed in cortical neurons. Three 
independent founders of Tg mice in which human ABAD is 
expressed under control of the human PDGF B-chain promoter 
have been identified and used to establish transgenic lines 

(at present backcrossed eight times into the C57BL6 
background) . Representative mice from each of these 
transgenic lines showed high levels of transgene activity at 
both the mRNA [(Fig. 6A) ] and protein levels [(Fig. 6B) ] in 
cerebral cortex. Immunoblotting performed on brain 
subregions from one line of Tg PD-ABAD mice, using an 
anti-human ABAD peptide antibody which selectively 
recognizes the human form of the protein, showed increased 
antigen especially in cerebral cortex and hippocampus, with 
a smaller increase in cerebellum [(Fig. 6C) ] . 
Immunohis tochemical staining of ABAD in cerebral cortex 
confirmed high levels of antigen expression in cortical 
neurons [(Fig. 6D1)] compared with nontransgenic littermates 

[(Fig. 6D2)]. Semiquantitative analysis of 

immunohis tochemical results using antibody reactive with 
murine and human ABAD antigen (i.e., total ABAD antigen) 
indicated that there was an _3. 5-4-fold increase in total 
ABAD antigen in cerebral cortex comparing Tg mice with nonTg 
littermate control mice [(Fig. 6D3)]. Induction of stroke in 
transgenic mice further elevated ABAD antigen another 
two-fold compared with nonTg controls (24 hrs after the 
ischemic episode; not shown) . Growth (height /weight ) and 



reproductive fitness (number and size of litters) was 
similar between Tg PD-ABAD mice and nontransgenic (nonTg) 
controls, and there were no overt neurologic symptoms or 
other phenotype evident in these mice noted to date. 

NMR analysis of 13 C-fl-hydroxybutyrate metabolism in Tg 
PD-ABAD mice . Tg PD-ABAD and control mice were infused with 
D- [2 , 4- 13 C] -3-hydroxybutyrate . 13 C NMR spectra of cerebral 
cortical extracts from Tg PD-ABAD and nonTg littermate 
control (the latter spectra are not shown) mice illustrate 
labelling of glutamate and glutamine in the C-4, C-3 and C-2 
positions, as well as GABA in the C-2 position [(Fig. 7A) ] , 
consistent with entry of [ 13 C] -B-hydroxybutyrate via 
2- [ 13 C] -acetyl-CoA into the TCA cycle. The intensity of 
glutamate and glutamine C-4 resonance was 50% and 20% 
greater, respectively, in Tg PD-ABAD mice compared with 
nonTg littermates [(Fig. 7B) ] . The glutamate to glutamine 
ratio, based on C-4 resonance area, was 3.6 ± 0.3 in nonTg 
versus 2.1 ±0.4 in Tg PD-ABAD mouse brains (P<0.03). These 
data suggest that glutamine synthesis is more efficient in 
Tg PD-ABAD mouse brain compared with controls. The area of 
the 13 C-labelled C-2 resonance of GABA was also greater in Tg 
PD-ABAD mice (4.8±0.3) than in nonTg controls (2.2+0.5; 
p<0.04). Such increased labelling of GABA is consistent with 
enhanced conversion of labelled glutamate to GABA in brains 
of Tg mice. 1 H NMR analysis of these extracts revealed that 
the fractional enrichment in glutamate C-4 was significantly 
greater in Tg PD-ABAD (58 ± 5%) than in nonTg littermates 
(38 ± 7%; P<0.03). As might be expected from the increased 
utilization of exogenous ft-hydroxybutyrate , measurement of 
basal ATP levels in cerebral cortex of Tg PD-ABAD mice 
fasted overnight showed a statistically significant increase 
compared with nonTg littermates [(Fig. 7C) ] . Similarly, 
levels of ft-hydroxybutryate in the brains of Tg PD-ABAD mice 
were lower, compared with nonTg controls in view of its 
increased utilization in the presence of higher levels of 
neuronal ABAD (see [Fig. 8D, ] animals not subjected to 
stroke) . 



Induction of stroke in Tg PD-ABAD mice . In order to assess 
the possible contribution of ABAD to ischemic stress, Tg 



PD-ABAD and age-matched nonTg littermate control mice were 
subjected to a 45 min period of transient middle cerebral 
artery occlusion followed by a 24 hr period for evolution of 
the cerebral infarct. These studies utilized a protocol 
which we have found to provide reproducible stroke volumes 
and functional data (neurologic deficit scores, cerebral 
blood flow) (45-48) . Levels of ABAD increased an additional 
2-fold in Tg PD-ABAD mice after stroke, versus with 
uninstrumented Tg PD-ABAD mice. Compared with nonTg 
littermate controls, Tg PD-ABAD mice displayed strokes of 
smaller volume and lower neurologic deficit scores 
(consistent with better maintenance of neurologic 
f unction) [( Fig . 8A-B) ] . In contrast, there was no change in 
cerebral blood flow comparing the Tg and nonTg animals (not 
shown) , consistent with a direct effect of ABAD on neurons, 
as ABAD was overexpressed in neurons by the PDGF B chain 
promoter. Analysis of cerebral cortex from Tg animals 
showed increased ATP and decreased lactate levels compared 
with nonTg controls [(Fig. 8C) ] . In addition, 
fi-hydroxybutyrate levels were lower in animals subjected to 
cerebral ischemia, and this finding was much more pronounced 
in Tg PD-ABAD mice compared with nonTg littermate controls 
[(Fig. 8D) ] . These data are suggested better maintenance of 
energy reserve and substrate metabolism in Tg PD-ABAD mice 
subject to ischemia. — 

Paragraph beginning on page 70, line 10 and ending on page 
71, line 6: 

Increased expression of ABAD in human brain following 
cerebral infarction and in response to 

experimentally-induced cerebral ischemia [(Fig. 5)] suggests 
that induction of ABAD might subserve normal protective 
mechanisms. In view of the complexities of cellular 
metabolic pathways, it was necessary to prove that ABAD 
could promote metabolic homeostasis in response to 
nutritional deprivation. ABAD-t rans f ected COS cells 
displayed increased energy charge and flux of acetyl-CoA 
through the TCA cycle in medium containing ft-hydroxybutyrate 
compared with controls in which the active site of ABAD was 
mutationally inactivated. Enhanced metabolic homeostasis was 



reflected by maintenance of MTT reduction and morphologic 
phenotype in ABAD-transf ected COS cells. Similarly, 
transgenic mice overexpressing ABAD in cortical neurons 
demonstrated increased flux of acetyl-CoA through the TCA 
cycle following ft-hydroxybutyrate infusion compared with 
nontransgenic littermates. However, increased basal levels 
of ATP (and energy charge; data not shown) in brains of Tg 
PD-ABAD mice, even before nutritional stress, was 
unexpected, and suggests a more general protective potential 
of ABAD in response to a range of environmental challenges. 
This apparent increase in the overall energy charge in the 
presence of ABAD, implies that the enzyme may render neurons 
metabolically more stable and, thus, less susceptible to 
fluctuations in substrate availability. -- 

Page 72, line 31: 
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